INTRODUCTION
============

Cardiovascular diseases (CVD) represent the leading causes of mortality and morbidity in developed countries worldwide, including Brazil ([@b1-cln_67p1407]). The control of cardiovascular risk factors plays an important role in patients\' quality of life and survival rates. The World Health Organization has stated that over three-quarters of all CVD deaths may be avoided with adequate changes in lifestyle, including diet and exercise ([@b2-cln_67p1407]-[@b3-cln_67p1407]).

It is a consensus that the Mediterranean diet is effective and possibly the most appropriate dietary intervention for the prevention and treatment of CVD ([@b2-cln_67p1407],[@b3-cln_67p1407],[@b4-cln_67p1407],[@b5-cln_67p1407],[@b6-cln_67p1407]). This diet is characterized by a low saturated fat intake in addition to a high consumption of vegetables, fish, and olive oil and a moderate consumption of wine ([@b5-cln_67p1407]). Nevertheless, adherence to this diet seems to be an obstacle in successfully controlling cardiovascular risk factors. Thus, cultural adaptation seems to be the most appropriate means for its management in countries outside of the Mediterranean region ([@b6-cln_67p1407]). In Brazil, the Mediterranean diet differs vastly from local customs, and this factor is seemingly related to low adherence to the diet ([@b7-cln_67p1407]).

Brazil is a developing country with a wide range of cultures and important socio-economic limitations. Additionally, significantly increased mortality and morbidity from CVD have been observed, which compromises the government\'s finances. Brazil also possesses a rich variety of natural and nutritional resources that are potentially beneficial in the treatment of CVD ([@b8-cln_67p1407],[@b9-cln_67p1407]). Nevertheless, no studies have explored the putative benefits of food resources that are part of the Brazilian culture in comparison with the standard diet that has been proposed by the Brazilian guidelines in the prevention and treatment of cardiovascular diseases.

The aim of this randomized pilot trial was to evaluate the Brazilian Cardioprotective Diet Program (a Brazilian version of an accessible dietary therapy for cardiovascular diseases) in reducing blood pressures, fasting glucose levels, and body mass indices (BMIs) in patients with established atherothrombotic disease.

METHODS
=======

Trial design
------------

We conducted a randomized (concealed) controlled pilot trial to evaluate the effects of the Brazilian Cardioprotective Diet Program on blood pressures, BMIs, and fasting glucose levels in patients with established atherothrombotic disease. The trial was designed by the Steering Committee and registered at Clinicaltrials.gov (NCT01453166). The study protocol was approved by the ethics committee of our institution. All patients provided informed consent prior to participation.

Study population
----------------

We included outpatients who were over 45 years of age with established or previous atherothrombotic CVD occurring in the past 10 years and who were at high CVD risk. Atherothrombotic CVD was defined as follows: coronary heart disease (stable or unstable angina pectoris, a history of myocardial infarction or acute coronary syndrome, a prior coronary revascularization procedure, a history of abdominal segmental wall motion as shown by cardiac echocardiography or a fixed segmental defect in the radionuclide imaging test), ischemic cerebrovascular disease (ischemic stroke or transient ischemic attack), or peripheral vascular disease (prior peripheral revascularization procedure or amputation due to vascular disease).

The patients also had at least one of the following risk factors: diabetes mellitus (serum glucose ≥100 mg/dl), hypertension (systolic blood pressure ≥130 mm Hg or diastolic blood pressure ≥85 mm Hg), smoking, dyslipidemia (low density lipoprotein (LDL) ≥160 mg/dL, triglycerides ≥150 mg/dL, or total cholesterol (CT) ≥200 mg/dL), family coronary artery disease history, asymptomatic carotid disease or BMI \>25 kg/m^2^ for adults and \>28 kg/m^2^ for seniors.

We excluded patients with neurocognitive or psychiatric conditions (as defined by the clinical trial investigators), pregnant or lactating women, patients with hepatic impairment or renal insufficiency, and patients with a life expectancy of less than six months (e.g., those with metastatic malignancies).

Randomization and Allocation Concealment
----------------------------------------

After providing written informed consent, the patients were randomized in a 1:1:1 ratio to receive one of three dietary interventions (A, B, or C). The allocation concealment was guaranteed by using sealed and opaque envelopes that were numbered sequentially. The patients who were allocated to Group A joined the Brazilian Cardioprotective Diet Program, which involves a Brazilian version of an accessible dietary therapy for cardiovascular diseases and weekly counseling with dieticians. The patients in Group B received the dietary therapy that was proposed by the Brazilian guidelines for cardiovascular diseases and also attended weekly counseling sessions with dietitians. Group C received the same dietary intervention as Group B, but the patients were counseled monthly.

Study interventions
-------------------

The nutrient profiles of the diets were based on the Brazilian guidelines for cardiovascular disease treatment ([@b10-cln_67p1407],[@b11-cln_67p1407],[@b12-cln_67p1407]). The diets contained 50-60% of energy from carbohydrates, 15% from proteins, and 25-35% from fats. In addition, 20-30 g/d of fiber and 2,000 mg/d of sodium were recommended. The concentrations of saturated, monounsaturated, and polyunsaturated fatty acids were \<7%, \<20%, and \<10%, respectively. The total dietary energy intake was adjusted only for patients with a baseline BMI \>25 kg/m^2^.

The main difference between the Brazilian Cardioprotective Diet Program, which involves a Brazilian version of an accessible dietary therapy for cardiovascular diseases, and the usual dietary therapy that is prescribed for cardiovascular diseases was the consideration of energy density. The Brazilian Cardioprotective Diet Program helped the patients to avoid high energy density foods (\>1 kcal/g), thus allowing them to eat more and consume fewer calories. As they made the right food choices, they felt less restricted, aiding in the improvement of adherence.

In general, the Brazilian Cardioprotective Diet Program features nutritional recommendations that are feasible for the Brazilian population. Accordingly, the diet composition allows for the easy access and full use of foods, in addition to the prioritization of regional foods that are culturally accepted by the patients (rice, bean, soy oil, and Brazilian fruits and vegetables).

Group A participated in the Brazilian Cardioprotective Diet Program. This group attended weekly session with dietitians. These were conducted in person, by phone or in a gourmet shop. During attendance at the gourmet shop, the patients received tips for eating in restaurants, instructions on label reading and a list of typical Brazilian recipes that were adjusted for nutrients and energy densities. This nutritional prescription protocol was developed by dietitians from our hospital.

Groups B and C received the usual dietary therapy that is prescribed to patients with cardiovascular diseases as proposed by the Brazilian guidelines. This diet had the same nutrient profile as that which was presented in Group A but was customized by the integration of typical Mediterranean foods (e.g., olives, olive oil, chestnuts, walnuts, almonds, hazelnuts, peanuts, and cold water fish). The difference between groups B and C was the number of sessions with the dietitian. Group B received weekly sessions that were conducted in person or by telephone, and Group C had monthly sessions that were conducted in person.

Anthropometric measurements and 24-h dietary recalls were performed by well-trained dietitians. The patients described their average portion sizes for food items in terms of household measurements, the standard weights of food items and validated food portion photographs of known weights. The Nutriquanti diet system (São Paulo, SP, Brazil) ([@b13-cln_67p1407]), which is an online computer program that is based on the Brazilian food database, was used to calculate the Brazilian Cardioprotective Diet Program and dietary assessments. Data quality control was guaranteed by weekly meetings between the investigators and dieticians.

Study procedures
----------------

Anthropometric measurements and laboratory tests were performed at baseline and after 6 and 12 weeks. At each contact with the dietitian (weekly or monthly), the dietary intake profile was assessed by a 24-hour dietary recall. The first nutritional session lasted for 60 minutes. The follow-up counseling sessions lasted for 30 minutes once the teaching and nutrition goals were reviewed. The phone interviews lasted approximately 15 minutes and included just the time that was necessary to assess the 24-hour dietary recall.

Outcomes
--------

The primary outcome of this pilot trial was the changes in blood pressures that occurred after 12 weeks of adherence to the Cardioprotective Diet Program. The secondary outcomes of this pilot trial were improved BMIs and fasting glucose levels. Considering that this was a pilot trial, we chose one well-established biochemical, hemodynamic, and anthropometric parameter as the endpoint.

Biochemical analysis
--------------------

The blood samples were collected and handled according to hospital routines. Fasting glucose was determined by an enzymatic colorimetric dry chemistry method (Ortho-Clinical Diagnostics VITROS 5.1) at the Center for Laboratory Medicine at the Hospital do Coração.

Blood pressures and weights
---------------------------

Blood pressures were assessed by an auscultatory method following the recommendations of the American Heart Association ([@b14-cln_67p1407]). The patients were seated comfortably with their backs supported, and their upper arms were free of constrictive clothing. Arms were supported at heart level, and the mercury columns were deflated at 2--3 mm/sec. The first and last audible sounds were recorded as the systolic and diastolic pressures, respectively. Two readings were performed at intervals of at least 1 minute, and the average was taken as the patient\'s blood pressure. If there was a difference of greater than 5 mm Hg between the first and second readings, additional (one or two) readings were obtained, and the average of these multiple readings was used (17).

To assess the weights, we used a digital scale with a maximum capacity of 150 kg. The patients dressed in as little clothing as possible and removed objects that could interfere with measurements. Heights were measured using a stadiometer with a bilateral scale from 35 to 213 cm and a resolution of 0.1 cm. BMIs were calculated by dividing the patients\' current weights by the square of their heights in meters and classified according to WHO recommendations ([@b15-cln_67p1407]).

Sample size
-----------

Considering this pilot trial, the sample size was set to compare the groups in relation to changes in the systolic and diastolic blood pressures following dietary intervention. We anticipated a standard deviation of 14 mm Hg in the systolic or diastolic blood pressures. To detect a difference of 7 mm Hg in the systolic and diastolic blood pressures with 80% statistical power and a two-tailed *p-*value of 5%, we sought to include 50 patients in each of the three groups.

Statistical analyses
--------------------

All analyses followed the "intention to treat" principle. To evaluate the effects of the diet interventions, we used an analysis of variance (ANOVA). In cases of significant group effects, we used multiple comparisons with Bonferroni corrections to locate the differences. All tests were performed with the SPSS statistical software or STATA SE 11 for Windows (College Station, USA). Statistical significance was defined as *p*\<0.05.

Quality Control
---------------

Due to the type of intervention in this pilot trial, it was not possible to blind the investigators and participants. To improve quality control, the laboratory technicians who performed the biochemical tests were not aware of which group the patients had been allocated to. Data quality control was guaranteed by weekly contacts with investigators, and general feedback was provided at investigators\' meetings.

Moreover, two independent investigators evaluated the database, and anthropometric measurements were performed twice to ensure the reliability of the data.

RESULTS
=======

Baseline Characteristics
------------------------

This trial enrolled 117 patients from September to December 2011 in a cardiology hospital ([Figure 1](#f1-cln_67p1407){ref-type="fig"}). The baseline characteristics, such as the medication intakes, were similar between the groups ([Table 1](#t1-cln_67p1407){ref-type="table"}). More than 70% of the patients presented with histories of hypertension and/or dyslipidemia in addition to reporting the frequent use of antihypertensive and hypolipidemic drugs. The baseline characteristics were well balanced between the groups, except in the case of asymptomatic carotid disease.

Participation in all visits, phone calls and contact with the dietitians was evaluated in Groups A and B due to the similarities in the number of contacts (weekly sessions, which in Group C were monthly sessions). The attendance of patients in Group A at the meetings with the dieticians was higher than that in Group B (88.1% *versus* 78%, respectively).

The analyses of the dietary recalls that were collected during the intervention period show that the caloric intakes decreased between the initial and final assessments in a similar manner in all three groups. The consumption of total cholesterol, saturated fatty acids, and sodium also decreased ([Table 2](#t2-cln_67p1407){ref-type="table"}). The ingestion of all nutrients showed lower variabilities following the intervention period, indicating greater homogeneity in consumption.

Effects on risk factors
-----------------------

Considering our primary outcome, there was a greater reduction in the systolic (7.8%) and diastolic (10.8%) blood pressures in Group A compared with Groups B (2.3% and 7.3%) and C (3.9% and 4.9%, respectively). Considering our secondary outcome, the fasting glucose levels decreased by 5.3% and 2% in Groups A and B, respectively. In Group C, they increased by 3.7%. The BMIs decreased by 3.5% and 3.3% in Groups A and B, respectively. The BMIs in Group C did not change ([Figure 2](#f2-cln_67p1407){ref-type="fig"}). Nevertheless, none of these data showed statistical differences between the groups, which is methodologically acceptable in pilot trials ([Table 3](#t3-cln_67p1407){ref-type="table"}).

DISCUSSION
==========

This is the first study to investigate the clinical effects of a diet that is based on widely available foods in the Brazilian culture on cardiovascular risk factors. The main finding of this randomized pilot trial was that Group A, who received the Brazilian Cardioprotective Diet Program, showed greater decreases in blood pressures, serum glucose levels, and BMIs compared with Groups B and C, who received the dietary therapy that has been proposed by the Brazilian guidelines for CVD.

Among the various dietary interventions, there is a consensus that the Mediterranean diet is effective and possibly more appropriate for the prevention and treatment of CVD (2,7). This diet is characterized by the low intake of saturated fat, high consumption of vegetables, fish, olive oil, and moderate consumption of wine (8). Despite the remarkable effects of the Mediterranean diet, there is some controversy regarding its administration in countries outside of the Mediterranean region.

The Lyon Diet Heart Study showed no differences between patients that followed the Mediterranean diet and those that followed common eating habits in the secondary prevention of CAD. This study investigated the total cholesterol levels (650 *vs.* 617 mmol/l; *p*\>0.05), LDLs (452 *vs.* 418 mmol/l; *p*\>0.05), HDLs (116 *vs.* 128 mmol/l; *p*\>0.05), triglycerides (215 *vs.* 185 mmol/l; *p*\>0.05), weights (74.2 *vs.* 75.6 kg; *p*\>0.05), and systolic (119 *vs.* 126 mm Hg; *p*\>0.05) and diastolic (74 *vs.* 78 mm Hg; *p*\>0.05) blood pressures of patients during a period of three years of follow-up ([@b16-cln_67p1407]). Our pilot study, which was conducted during a brief 12-week period, showed a trend of decreasing blood pressures, BMIs, and fasting plasma glucose levels; these factors were not evaluated in the Lyon study. Moreover, the only Brazilian study that evaluated the influence of the Mediterranean diet in secondary prevention showed no differences in BMIs, systolic or diastolic blood pressures, or fasting glucose levels (10).

However, studies that have adapted the Mediterranean diet to the tastes and cultural habits of the local population observed greater effectiveness in reducing cardiovascular risk factors. An Indian study showed that after one year of dietary intervention, blood glucose levels decreased by 1.36 mmol/l, systolic blood pressures decreased by 13.4 mm Hg, and diastolic blood pressures decreased by 9.3 mm Hg ([@b17-cln_67p1407]). A Swedish study (NORDIET) that also adapted the Mediterranean dietary habits for patients in the primary prevention program observed reductions in systolic blood pressures by 9.5 mm Hg and weights by 14.4 kg ([@b18-cln_67p1407]).

In our pilot study, the Brazilian Cardioprotective Diet Program seemed to be more efficient than the diet intervention that was proposed by the Brazilian guidelines. We believe that a cardioprotective diet including foods that are widely available in Brazil played a key role in our results. Our findings are of potentially great importance to public health in our country, considering the promising cost/benefit relationship ([@b19-cln_67p1407],[@b20-cln_67p1407],[@b21-cln_67p1407]). The financial costs of the foods were not assessed in this pilot study; however, the diet that was proposed by the Brazilian guidelines to control cardiovascular risk factors, which involves components of the Mediterranean diet, is costly for a major proportion of the Brazilian population. Thus, we propose a new intervention with potentially low costs and high feasibility in Brazil. The efficacy of the Brazilian Cardioprotective Diet Program is substantiated by the fact that the diet that has been proposed by the Brazilian guidelines is not widely available nor is it in accordance with the Brazilian culture.

Despite our encouraging results, we cannot generalize and recommend the implementation of a cardioprotective diet following the same format as in this pilot study in all Brazilian regions. Our country has continental dimensions and presents with multicultural characteristics that should be considered when interpreting our data and prescribing diets. For the improvement of cardioprotective diets and to contemplate the cultural diversities of the various regions of our country, a multicenter trial is needed. However, the foundation for the Brazilian Cardioprotective Diet has been established.

Study limitations
-----------------

This study had some limitations; we did not assess the patients\' dietary adherences, we only assessed their adherences to the intervention programs. Nevertheless, we observed that the numbers of absences were higher in Group B than in Group A, which was the group following the Brazilian Cardioprotective Diet Program. Our randomization process did not include a web-based automated randomization system, which could represent a methodological disadvantage. Moreover, this study did not find statistically significant differences between groups, which is acceptable in pilot trials. We believe that the statistical significance will be evident when the Brazilian Cardioprotective Diet Program is assessed in a larger population over all regions of Brazil.

The Brazilian Cardioprotective Diet Program seems to be more effective in reducing blood pressures, fasting glucose levels, weights, and BMIs in patients with previous cardiovascular diseases compared with the diet that was proposed by the Brazilian guidelines. The Brazilian Cardioprotective Diet Program can be considered as an alternative for Brazilian patients with cardiovascular risk factors; however, it will be necessary to test this intervention on a larger scale.
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###### 

Baseline characteristics of participants.

  Variables                                            Group                       
  ---------------------------------------------------- ------------- ------------- -------------
  Male sex, No. (%)                                    31 (73.8%)    26 (63.4%)    24 (61.5%)
  Age, mean±SD, y                                      62 (7)        65 (8)        62 (11)
  Weight, mean±SD, kg                                  80.6 (14.6)   88.4 (16.0)   84.3 (15.9)
  High, mean±SD, cm                                    167 (9)       169 (10)      168 (10)
  BMI, mean±SD, kg/m^2^                                28.9 (3.9)    30.9 (4.5)    30.0 (4.7)
  CAD, No. (%)                                         41 (100.0%)   40 (97.6%)    37 (97.4%)
  Ischemic stroke/transient ischemic attack, No. (%)   1 (2.4%)      2 (4.9%)      1 (2.6%)
  PAD, No. (%)                                         3 (7.3%)      1 (2.4%)      1 (2.6%)
  Hypertension, No. (%)                                35 (85.4%)    30 (73.2%)    32 (84.2%)
  Diabetes mellitus, No. (%)                           17 (41.5%)    15 (36.6%)    16 (42.1%)
  Smoking, No. (%)                                     6 (14.6%)     5 (12.2%)     5 (13.2%)
  Dyslipidemia, No. (%)                                37 (90.2%)    34 (82.9%)    33 (86.8%)
  CAD family history, No. (%)                          32 (78.0%)    28 (68.3%)    27 (71.1%)
  Asymptomatic carotid disease, No. (%)                2 (4.9%)      5 (12.2%)     6 (15.8%)
  Overweight, No. (%)                                  27 (64.3%)    30 (75.0%)    30 (78.9%)
  Hypoglycemic drugs, No. (%)                          16 (39.0%)    15 (36.6%)    16 (42.1%)
  Antihypertensive drugs, No. (%)                      39 (95.1%)    37 (92.5%)    37 (97.4%)
  Hypolipidemic drugs, No. (%)                         35 (85.4%)    35 (87.5%)    36 (94.7%)

CAD: coronary artery disease; PAD: peripheral arterial disease.

###### 

Individual daily caloric intake at baseline and three months.

                                                          Group A           Group B           Group C           *p*-value Baseline   *p*-value between diets                                                                                                     
  ------------------------------------------------------- ----------------- ----------------- ----------------- -------------------- ------------------------- ----------------- ------------------------------------------------------- ------------ ---------- ------
  Total Caloric Intake                                    1,574.12±523.43   1,370.08±327.67   1,607.05±481.33   1,420.59±273.11      1,867.99±767.94           1,417.30±386.99   0.69                                                    **\<0.01**   0.17       0.05
  Protein (g/d)                                           71.40±31.82       65.29±16.33       81.13±25.78       77.33±17.18          86.26±37.13               68.60±22.71       0.11                                                    **\<0.01**   0.05       0.13
  Protein (% total calorie intake)                        18.1              19.0              20.2              21.7                 18.4                      19.3              \-                                                                              
  Carbohydrate (g/d)                                      191.99±63.01      171.70±41.32      191.12±67.51      157.55±32.61         218.60±108.82             168.16±57.90      0.25                                                    **\<0.01**   0.34       0.15
  Carbohydrate (% total calorie intake)                   48.7              50.1              47.5              44.4                 46.8                      47.4              \-                                                                              
  Total fat (g/d)                                         56.46±22.14       48.99±14.35       58.88±23.81       53.88±15.20          72.82±38.18               53.20±17.53       0.32                                                    **\<0.01**   0.05       0.05
  Total fat (% total calorie intake)                      32.2              32.1              32.9              34.1                 35.0                      33.8              \-                                                                              
  Saturated Fat (g/d)                                     18.05±8.29        14.78±5.10        20.18±9.45        17.48±4.92           23.41±13.88               15.33±5.98        0.92                                                    **\<0.01**   0.11       0.06
  Saturated Fat (% total calories intake)                 10.3              9.7               11.3              11.0                 11.3                      9.7               \-                                                                              
  Monounsaturated Fatty Acids (g/d)                       16.68±7.89        13.90±4.13        16.74±7.22        15.89±4.82           19.27±7.77                15.03±5.93        0.24                                                    **\<0.01**   0.28       0.18
  Monounsaturated Fatty Acids (% total calories intake)   9.5               9.1               9.3               10.0                 9.2                       9.7               \-                                                                              
  Polyunsaturated Fat (g/d)                               16.18±6.09        14.94±5.22        14.64±5.87        14.09±4.61           18.33±9.67                15.47±6.68        0.1                                                     **0.03**     0.13       0.39
  Polyunsaturated Fat (% total calories intake)           9.2               9.8               8.2               8.9                  8.8                       9.8               \-                                                                              
  Cholesterol (mg/d)                                      224.08±159.56     178.00±63.26      230.02±91.75      232.99±72.12         253.04±148.67             188.26±89.68      0.62                                                    **\<0.01**   0.4        0.07
  Dietary fiber (g/d)                                     20.53±9.52        18.80±5.95        17.06±7.35        16.46±4.49           23.43±13.72               19.37±8.84        **0.03**[\*](#tfn2-cln_67p1407){ref-type="table-fn"})   **0.02**     **0.03**   0.26
  Sodium (mg/d)                                           2803.44±1048.14   2432.82±674.82    2641.3±910.49     2473.58±571.87       3384.78±1860.60           2666.05±858.61    0.05[\*](#tfn2-cln_67p1407){ref-type="table-fn"})       **\<0.01**   0.05       0.14

Differences between groups B and C using one-way ANOVA (*p*\<0.05).

###### 

Laboratory characteristics at baseline and following three-month intervention period.

                             A           B           C           *p-*value Baseline   *p-*value between diets                                                                              
  -------------------------- ----------- ----------- ----------- -------------------- ------------------------- ----------- ----------- ----------- ----------- ------ ------------ ------ ----------
  Systolic blood pressure    127         120         117         129                  124                       126         128         126         123         0.72   **\<0.01**   0.21   0.33
  (mm Hg)                    (123;130)   (114;126)   (111;124)   (124;134)            (119;129)                 (119;133)   (123;132)   (119;132)   (116;130)                              
  Diastolic blood pressure   83          75          74          82                   78                        76          81          76          77          0.69   **\<0.01**   0.98   0.33
  (mm Hg)                    (80;85)     (71;79)     (70;78)     (78;85)              (75;82)                   (72;79)     (78;84)     (73;79)     (73;80)                                
  Weight                     81          80          79          88                   84                        86          84          84          84          0.08   **\<0.01**   0.07   **0.04**
  (kg)                       (76;85)     (75;85)     (74;84)     (83;93)              (79;90)                   (81;91)     (79;90)     (78;89)     (79;89)                                
  BMI                        29          29          28          31                   30                        30          30          30          30          0.1    **\<0.01**   0.08   0.07
  (kg/m^2^)                  (28;30)     (27;30)     (27;30)     (30;32)              (28;31)                   (29;31)     (28;32)     (28;31)     (28;31)                                
  Fasting glycemia           113         103         107         104                  104                       102         108         113         112         0.49   0.55         0.45   0.25
  (mg/dl)                    (99;126)    (96;111)    (97;116)    (97;11)              (97;111)                  (95;109)    (98;118)    (101;125)   (103;120)                              
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